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(54) High-speed polymerizable resin composition and lenses obtained therefrom. 

(57) Described are a high-speed polymerizable resin composition and a lens obtained from it. The 
composition comprises : 
a) at least 70 but smaller than 90 parts by weight of a mixture composed of : 
i) an aromatic polyisocyanate compound represented by the following formula (I) : 
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CR 2 NCO) 2 


(I) 


wherein R represents a hydrogen atom or a methyl group, and 

ii) a polythiol having at least 3 mercapto groups per molecule and a sulfur content of at least 40 wt% ; 
and 

b) at least 10 but smaller than 30 parts by weight of a compound which has, in a molecule, at least one 
functional group selected from a hydroxyl group or a mercapto group and also at least one functional 
group selected from an acrylic group, methacrylic group or styrylic group, said composition containing 
isocyanato groups, mercapto groups and hydroxy groups at an NCO/(SH + OH) equivalent ratio of from 
0.50 to 1.50 and being capable of providing a lens resin having a refractive index (n d ) of at least 1.59. The 
resin composition can be polymerized in a very short time and moreover, can provide a plastic lens 
which is free of optical unev nness (striae) and has a high refractive ind x. 
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This invention relates to a resin composition preferably having high-speed polymerizability and a plastic 
lens obtained therefrom. The lens obtained from the composition of the present invention has a refractive index 
(n d ) of at least 1.59. 

Plastic lenses are lightweight and non-fragile compared with inorganic glass lenses so that they are finding 
rapidly increasing utility as eyeglass lenses, camera lenses or optical elements in recent years. 

Resins widely employed these days for such purposes include a radical polymerization product of diethy- 
lene glycol bis(allylcarbonate) (for example, "0^39", trade name; product of PPG). This resin has various ad- 
vantages such as excellent impact resistance, lightweight, superb dyeability, and good workability such as 
good cutting and grinding machinability. Its refractive index, however, is 1.50 which is lower than the refractive 
index (1 .52) of inorganic glass. To obtain optical characteristics comparable with those of a glass lens, it is nec- 
essary to increase the refractive index of the plastic lens, which unavoidably increases its central thickness 
or peripheral thickness, resulting in an overall large thickness. There is accordingly an outstanding desire for 
the development of a lens resin having a still higher refractive index. 

The present inventors have already proposed a plastic lens made of a sulfur-containing urethane resin 
which can be prepared by the polymerization of a polyisocyanate and a polythiol (Japanese Patent Publication 
No. 15249/1992). The resin has a high refractive index (n d ) of 1.57 or higher and also has various advantages 
like CR-39 so that it is used widely now. The resin, however, is accompanied with the problem that it requires 
long polymerization time and any attempt to complete the polymerization in a short time tends to result in a 
lens with optical unevenness (striae). 

With a view toward improving the thermal deformation temperature, the present inventors have also pro- 
posed a composition which contains, in addition to the sulfur-containing urethane resin, a hydroxyl- or mer- 
capto-containing acrylate, methacrylate or styrene (Japanese Patent Laid-Open No. 96208/1989). When a 
lens resin is prepared using the composition, it has an improved thermal deformation temperature. When poly- 
merized at a high speed, however, the resin composition develops optical unevenness (striae) and in addition, 
cannot always provide a sufficient refractive index. 

A composition capable of providing a plastic lens with an improved thermal deformation temperature and 
improved surface hardness in a similar manner has also been proposed (Japanese Patent Laid-Open No. 
25240/1993). This composition has a relatively high refractive index but is accompanied with the drawback 
that owing to the use of tolylene diisocyanate, it will be tinged yellow by ultraviolet rays in sun light as time 
goes on. 

A preferred embodiment of the present invention is a sulfur-containing urethane resin composition having 
high-speed polymerizability and a refractive index (n d ) of at least 1.59 and which does not develop yellowing 
phenomenon with the passage of time 

The present inventors have conducted extensive research with a view toward developing a resin compo- 
sition which has a refractive index (n d ) of 1 .59 or higher and also high-speed polymerizability without the n ed 
for tolylene diisocyanate. As a result, it has been found that use of a polythiol having at least 3 mercapto groups 
makes it possible to provide the polymerized resin with heat resistance sufficiently to withstand, as a plastic 
lens, heat at the time of polishing or dyeing; use of a polythiol having a sulfur content of 40 wt.% or gr ater 
can always provide the resulting resin with a refractive index (n d ) of 1.59 or higher; and further, use of such a 
polythiol can provide a sulfur-containing resin composition which hardly develops optical unevenness (stria ), 
that is, a fatal defect for a plastic lens even when polymerized at a high speed and does not undergo yellowing 
with the passage of time, leading to the completion of the invention. The present invention therefore provides 
a poEymerizable resin composition which comprises: 

a) at least 70 but smaller than 90 parts by weight of a mixture composed of: 

i) an aromatic polyisocyanate compound represented by the following formula (I): 


wherein R represents a hydrogen atom or a methyl group, and 

ii) a polythiol having at least 3 mercapto groups per molecule and a sulfur content of at least 40 wt.%; 
and 

b) at least 10 but smaller than 30 parts by weight of a compound which has, in a molecule, at least one 
functional group selected from a hydroxyl group or a mercapto group and at least one functional group 
selected from an acrylic group, a methacrylic group or a styryiic group, said composition containing iso- 
cyanato groups, mercapto groups and hydroxyl groups at an NCO/(SH + OH) equivalent ratio of from 0.50 



(I) 
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to 1 .50 and being capable of providing a lens resin having a refractive index (n d ) of at least 1 .59. The present 
invention also provides a high refractive-index plastic lens obtained by thermal polymerization of the above 
composition. 

The resin composition according to preferred embodiments does not develop an optically uneven part 
5 (striae) in the resulting lens even when the polymerization time is shortened considerably compared with the 
conventional thermal polymerization of a polyisocyanate and a polythiol alone, does not undergo yellowing with 
the passage of time and in addition, has high pencil hardness. It is therefore useful as a resin for eyeglass 
lenses, camera lenses or optical elements; 

Specific examples of the aromatic polyisocyanate represented by formula (I) usable in the present inven- 
10 tion include compounds such as o-xylylene diisocyanate, m-xylylene diisocyanate, p-xylylene diisocyanate, 
1 ,3-bis(a,a-dimethylisocyanatomethyl)benzene and 1 ,4-bis(a,a-dimethylisocyanatomethyi)benzene. They 
may be used either singly or in combination. 

Illustrative of the compound having at least 3 mercapto groups per molecule and a sulfur content of 40 
wt.% or greater include polythiol compounds such as 1, 2- bis (mercap to ethyl)trithio glycerin, pentaerythri-thiol, 
15 1,2,4-tris(mercaptomethyl)benzene and 1,3,5-tris(mercaptomethyl)benzene. 

Examples of th e compound which has, in a molecule, at least one functional group selected from a hydroxyl 
group or a mercapto group and also at least one functional group selected from an acrylic group, a methacrylic 
group or a styrylic group include compounds obtained by subjecting an epoxy or thiiran group to ring-opening 
with acrylic or methacrylic acid, such as hydroxyethyl acrylate or hydroxyethyl methacrylate; compounds ob- 
20 tained by subjecting phenylglycidyl ethers to ring-opening with acrylic or methacrylic acid, such as 3-phenoxy- 
2-hydroxypropyl acrylate and 3-phenoxy-2-hydroxypropyl methacrylate; ring-opened products of 2,4-dibromo- 
phenylglycidyi ethers with acrylic or methacrylic acid; ring-opened products of bisphenol A diglycidyl ethers 
with acrylic or methacrylic acid; and compounds such as 1,3-bis(acryloyl)glycerin, 1 ,3-bis(methacryloyl)gly- 
cerin, 1-acryloyl-2-methacryloyl glycerin, hydroxymethylstyrene and mercaptomethylstyrene. 
25 These compounds exemplified above are sold on the market so that they are available rather easily. 

The high-speed polymerizable resin composition according to the present invention, which is suitable for 
use in the production of a high refractive-index lens, can be prepared using in combination: 

a) at least 70 but smaller than 90 parts by weight of a mixture of: 

i) an aromatic polyisocyanate compound represented by formula (I), and 
30 ii) a polythiol having at least 3 mercapto groups per molecule and a sulfur content of at least 40 wt.%; 

and 

b) at least 10 but smaller than 30 parts by weight of a compound which has, in a molecule, at least one 
functional group selected from a hydroxyl group or a mercapto group and also at least one functional group 
selected from an acrylic group, a methacrylic group or a styrylic group. Use of the component b) in an 

35 amount smaller than 10 parts by weight cannot insufficiently improve the surface hardness. An amount 

greater than 30 parts by weight, however, tends to result in a lower refractive index. 
In the resin composition according to the present invention, the ratio of an equivalent amount of SH and 
OH groups to an equivalent amount of NCO groups falls within the range of from 0.50 to 1.50, preferably from 
0.75 to 1 .25 in terms of NCO/(SH + OH). Ratios smaller than 0.50 or greater than 1 .50 tend to make it difficult 
40 to furnish a resin with high rigidity. 

To obtain a plastic lens from the resin composition of the present invention, the composition is subjected 
to thermal polymerization. At this time, to accelerate urethanizing polymerization between the polyisocyanate 
and the polythiol, a polymerization catalyst such as a tin compound, e.g., dibutyltin dilaurate or dimethyltin di- 
chloride, morpholine or dimethylaminobenzene may be added in an amount of 0.001-1.0 wt.% based on the 
45 total amount of the resin composition. To accelerate polymerization of acrylic, methacrylic or styrylic groups, 
a peroxide such as benzoyl peroxide, dicumyl peroxide or di-t- butyl peroxide can be added in an amount of 0.01- 
3.0 wt.% based on the total amount of the resin composition. 

When the high-speed polymerizable resin composition according to the present invention is polymerized 
by cast polymerization or the like, it is desired to treat, in advance, the surface of a mold with wax or a silicone- 
50 or fluorine-type external mold releasing agent; or to add a silicone- or fluorine-type nonionic surfactant or an 
anionic surfactant such as an acidic phosphate ester beforehand to the composition of the present invention 
as an internal addition type mold releasing agent. When the internal-addition type mold releasing agent is used, 
it is desired to add the agent at 10-20,000 ppm to the composition. 

It is also possible to add, at need, various additives such as ultraviolet absorbers, antioxidants, coloring 
55 preventives and/or fluorescent dyes to the composition of the present invention so that the resin obtained by 
the polymerization of the composition can have improved weatherability. 

Furthermore, to the composition according to the present invention, at least one of pentaerythritol tetra- 
kis(thioglycolate), pentaerythritol tetrakis(P-mercaptopropionate), trimethylolpropane tris(thioglycolate) and 
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trimethylolpropane tris(P-mercaptopropionate) may be added to an extent not impairing the advantages of the 
present invention so as to permit the target resin to have improved dyability in a dyeing bath of a disperse dye. 
In this case, it is preferred to control the amount of the additives lower than 20 parts by weight in the composition 
to retain the high refractive index. 
5 When a resin for eyeglass lenses, camera lenses or optical elements is prepared by thermally polymerizing 

the high-speed polymerizable resin composition of the present invention in special molds, the following pro- 
cedures can be followed by way of example. 

Described specifically, a polymerization catalyst, internally-addition type mold releasing agent, ultraviolet 
absorber and/or the like are(is) optionally added to the composition of the present invention or the composition 
10 which has been subjected to preliminary polymerization. After the resulting mixture is homogenized, the liquid 
so obtained is cast in a glass or metal mold equipped with spacers made of an ethylene-vinyl acetate copolymer, 
polyvinyl chloride or the like. The liquid in the mold is placed in a thermal polymerization oven, thermally poly- 
merized and then cooled, whereby moldings of a desired shape can be obtained. 

Although the cast polymerization time differs with the size of the molding, the time required for the fabri- 
15 cation of a lens from the resin composition according to the present invention is as short as 1/5-1/2 of the time 
needed for the fabrication of a lens, which has the same strength and is free of optical unevenness (striae), 
by polymerizing an ordinary sulfur-containing urethane lens resin. 

A lens obtained by curing the composition of the present invention has improved surface hardness com- 
pared with that obtained by polymerizing a composition composed only of a polyisocyanate and a polythiol. 
20 The present invention will hereinafter be described specifically by the following examples. It should how- 

ever be borne in mind that this invention is by no means limited to or by the examples, in which all designations 
of "part" or "parts" mean part or parts by weight. 

Among the performance tests of the lens obtained in each example, its refractive index, Abbe's number, 
specific gravity, workability, optical strain and pencil hardness were determined by the following testing meth- 
25 ods, respectively. 

Refractive index and Abbe's number. 

Measured at 20°C by a Pulf rich refractometer. 
Specific gravity: 

Measured by the Archimedes* method. 
30 Workability: 

Each lens was ground by a spherical grinder for eyeglass lenses and the lens having a good ground 
surface was ranked as good (A). 
Optical Strain: 

Each lens was measured by an optical strain indicator. In visual observation, the lens free of strain was 
35 ranked as (A) and the lens with strain was ranked as (B). 
Pencil hardness: 

Measured according to JIS K-5400. 
Weatherability: 

Each lens was set in a weather-o-meter equipped with a sunshine carbon arc lamp. Upon an elapsed 
40 time of 48 hours, the lens was taken out of the weather-o-meter and was compared in color hue with the same 
tens resin before the test. 

The observation results were ranked in accordance with the following standard: no change (A), yellowing 

(B). 

45 Example 1 

While cooling at 10°C, 188 parts (1.0 mole) of m-xylylene diisocyanate, 130 parts (0.5 mole) of 1,2-bis(mer- 
captoethyl)trithioglycerin and 114 parts (0.5 mole) of 1 ,3-bis(methacryloyl)glycerin were mixed. To concentra- 
tions of 50 ppm, 1000 ppm and 3000 ppm of the whole mixture, dibutyltin dichloride, di-t-butyl peroxide and 

50 acidic dioctyl phosphate were added, respectively, followed by further mixing to obtain a homogeneous mix- 
ture. The homogeneous mixture so obtained was cast in a mold for the fabrication of an eyeglass lens having 
a diopter of -4. The mold was formed of a glass mold equipped with a gasket. The mixture in the mold was 
heated from 45°C to 1 30°C over three hours for thermal polymerization. The polymer so obtained was heated 
at 130°C for one hour, cooled and then released from the mold, whereby a lens was obtained. 

55 The lens so obtained had a refractive index of 1 .595, Abbe's number of 38 and specific gravity of 1 .33. It 

had good grinding machinability, free of optical strain and had a pencil hardness of 3H. 
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Examples 2-5 

As in Example 1, a lens was fabricated from each of the compositions shown in Table 1 . The results of an 
evaluation of the lens are presented in Table 2. 
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so Comparative Example 1 

While cooling at 10°C. 188 parts (1.0 mole) of m-xylylene diisocyanate and 172 parts (0.66 mole) of 1,2- 
bis(mercaptoethyl)trithiog]ycerin were mixed. To concentrations of 50 ppm and 3000 ppm of the whole mixture, 
dibutyltin dichloride and acidic dioctyl phosphate were added respectively, followed by further mixing to obtain 
55 a homogeneous mixture. The mixture so obtained was cast in a mold for the fabrication of an eyeglass lens 
having a diopter of -4. The mold was formed of a glass mold equipped with a gasket. 

As in Example 1, a lens was obtained. The properties of the lens so obtained are presented in Table 2. 
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Comparative Example 2 

While cooling at 10°C, 188 parts (1.0 mole) of m-xytytene diisocyanate and 244 parts (0.5 mole) of pen- 
taerythritol tetrakis(mercaptopropionate) were mixed. To concentrations of 50 ppm and 3000 ppm of the whole 
5 mixture, dibutyltin dichloride and acidic dioctyl phosphate were added respectively, followed by further mixing 
to obtain a homogeneous mixture. The mixture so obtained was cast in a mold for the fabrication of an eyeglass 
lens having a diopter of -4. The mold was formed of a glass mold equipped with a gasket. 

As in Example 1, a lens was obtained. The properties of the lens so obtained are presented in Table 2. 

10 Comparative Example 3 

In a similar manner to Example 1 except that 188 parts (1.0 mole) of m-xylyiene diisocyanate, 195 parts 
(0.4 mole) of pentaerythritol tetrakis(3-mercaptopropionate) and 52 parts (0.4 mole) of hydroxyethyl metha- 
crylate were used instead, a lens was fabricated. The properties of the lens so obtained are presented in Table 
15 2. 

Comparative Example 4 

In a similar manner to Example 1 except that 188 parts (1.0 mole) of m-xylylene diisocyanate, 1 36 parts 
20 (0.80 mole) of 1 ,3-xylylenedithiol and 102 parts (0.20 mole) of bisphenol Adiglycidyl ether which had been ring- 
opened with methacrytic acid were used instead, a lens was fabricated. The properties of the lens so obtained 
are shown in Table 2. 
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Comparative Examples 5-9 

In a similar manner to Comparative Example 1 except that the heating time from 45°C to 1 30°C for thermal 
polymerization was changed as shown in Table 3, lenses were fabricated. The optical strain of each lens so 
obtained was observed and the result is shown in Table 3. 
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Table 3 


5 

Comparative 
example 

Time required for 
heating from 45 'C 
to 130°C 

Optical 

^ ^-X. d JLi 1 


Comp, 

Ex. 

5 

5 hours 

Observed 

10 

Comp . 

Ex. 

6 

8 hours 

Observed 


Comp. 

Ex. 

7 

11 hours 

Observed 

15 

Comp. 

Ex. 

8 

14 hours 

Slightly 

Observed 


Comp. 

Ex. 

9 

17 hours 

Not observed 


20 Example 7 

In a similar manner to Example 1 except that 500 ppm of "Tinuvin® PS" (trade name for an ultraviolet ab- 
sorber; product of CIBA-GEIGY AG) were added further to the composition, a lens was fabricated. The color 
hue of the lens after the weatherability test was compared with that before the test. As a result, no chang (A) 
25 was recognized. In addition, it was free of optical strain. 

Comparative Example 10 

In a similar manner to Example 1 except that 1 88 parts (1 .0 mole) of m-xytytene diisocyanate were replaced 
30 by a mixture of 94 parts (0.5 mole) of m-xylylene diisocyanate and 87 parts (0.5 mole) of 2,4-tolylene diiso- 
cyanate, and 500 ppm of "Tinuvin® PS" were added to the composition, the mixture was treated. An exothermic 
reaction then occurred and the mixture became so thick so that fabrication of a lens was hardly feasible. 

In a similar manner to Example 1 except that mixing was conducted while cooling the mixture at-5°C or 
lower, a lens was fabricated. The color hue of the lens after the weatherability test was compared with that 
35 before the test. As a result, marked yellowing (B) was observed. In addition, optical strain of the lens was emi- 
nent. 


Claims 

40 

1. A polytnerizable resin composition which comprises: 

a) at least 70 but smaller than 90 parts by weight of a mixture composed of: 

i) an aromatic polyisocyanate compound represented by the following formula (I): 

45 

-eCR 2 NCO) 2 (I) 



so wherein R represents a hydrogen atom or a methyl group, and 

ii) a polythiol having at least 3 mercapto groups per molecule and a sulfur content of at least 40 wt.%; 
and 

b) at least 10 but smaller than 30 parts by weight of a compound which has, in a molecule, at least one 
functional group selected from a hydroxy! group or a mercapto group and at least one functional group 
55 selected from an acrylic group, an methacrylic group or a styrylic group, said composition containing 

isocyanato groups, mercapto groups and hydroxyl groups at an NCO/(SH + OH) equivalent ratio of from 
0.50 to 1.50 and being capable of providing a lens resin having a refractive index (n d ) of at least 1.59. 

8 


BNSDOCID <EP_ . 06S5790A1 I > 


EP0 659 790 A1 


A resin composition according to claim 1, further comprising at least one of pentaerythritol tetrakis(thio- 
glycolate), pentaerythritol tetrakis(P-mercaptopropionate) f trimethylolpropane tris(thioglycolate) and tri- 
methylolpropane tris(0-mercaptopropionate) in an amount smaller than 20 parts by weight 

A resin composition according to claim 1, wherein the aromatic polyisocyanate compound represented 
by formula (I) is at least one compound selected from the group consisting of o-xylylene diisocyanate, m- 
xylylene diisocyanate, p-xylylene diisocyanate, 1,3-bis(a,a-dimethylisocyanatomethyl)benzene and 1,4- 
bis(a,a-dimethylisocyanatomethyl)benzene. 

A resin composition according to claim 3, further comprising at least one of pentaerythritol tetrakis(thio- 
glycolate), pentaerythritol tetrakis(p-mercaptopropionate), trimethylolpropane tris(thioglycolate) and tri- 
methylolpropane tris(p-mercaptopropionate) in an amount smaller than 20 parts by weight 

A resin composition according to any preceding claim wherein the thiol having at least 3 mercapto groups 
per molecule and a sulfur content of 40 wt% or greater is at least one thiol selected from the group con- 
sisting of 1,2-bis(mercaptoethyl)trithioglycerin, pentaerythrithiol, 1,2,4-tris(mercaptomethyl)benzene and 
1 ,3,5-tris(mercaptomethyl)benzene. 

A resin composition according to claim 5, further comprising at least one of pentaerythritol tetrakis(thio- 
glycolate), pentaerythritol tetrakis(p-mercaptopropionate) t trimethylolpropane tris(thioglycolate) and tri- 
methylolpropane tris(p-mercaptopropionate) in an amount smaller than 20 parts by weight 

A plastic lens having a high refractive index, which has been obtained by thermally polymerizing the resin 
composition according to any preceding claim. 
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